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Docket No.: 200310972-1 

SYSTEM AND METHOD FOR POWER DISTRIBUTION 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to power supplies for electronic 
equipment. 

DESCRIPTION OF RELATED ART 

[0002] Large electronic systems (such as telecommunication systems and relatively 
large computer server platforms) typically possess relatively high current requirements. In large 
electronic systems, "brick" converters are frequently employed to meet these requirements. 
Brick converters refer to printed circuit board devices that perform power distribution functions. 
Brick converters generally convert an input high voltage supply into a lower voltage supply for 
power distribution within the electronic equipment at current levels appropriate for the electronic 
equipment. Brick converters may also provide power isolation, power regulation, filtering, and 
input protection functionality. 

[0003] Multiple brick converters can be coupled in parallel to a common node voltage 
bus. The common node voltage bus distributes power to electronic equipment or portions 
thereof. Typically, a respective blocking or isolation diode is disposed between each brick 
converter and the voltage bus. Also, a voltage sense bus is coupled to the common node voltage 
bus to provide feedback to the brick converters. When feedback indicates that the voltage on the 
common node voltage bus is high, the respective brick converters respond by reducing their 
energy output, i.e., reducing their duty cycle. When feedback indicates that the voltage on the 
common node voltage bus is low, the respective brick converters respond by increasing their 
energy output. By coupling a plurality of brick converters in this manner, the aggregate power 
supply may be divided between the respective brick converters. 

SUMMARY 

[0004] In another embodiment, the present invention is directed to a power distribution 
system for electronic equipment, comprising a voltage bus; a plurality of power supplies coupled 
in parallel to the voltage bus; a plurality of diodes wherein each of the diodes is disposed 
between a power supply and the voltage bus to isolate the voltage bus from a low power supply 

25346322.1 

1 



Docket No.: 200310972-1 



voltage; a plurality of sense lines, wherein each of the sense lines is coupled to one of the 
plurality of power supplies; and a plurality of resistive elements, wherein each of the resistive 
elements is coupled to the voltage bus and to a respective sense line of the plurality of sense 
lines, wherein the plurality of resistive elements maintain, when a minimal load is applied to the 
voltage bus, the sense lines at a voltage sufficiently lower than a voltage of the voltage bus to 
cause the plurality of power supplies to prevent the plurality of diodes from being reversed- 
biased. 

[0005] In another embodiment, the present invention is directed to a method comprising 
providing a plurality of power supplies to maintain a voltage on a voltage bus, providing a 
plurality of blocking diodes with each blocking diode being disposed between a respective power 
supply of the plurality of power supplies and the voltage bus to isolate the voltage bus from a 
low output voltage, coupling a plurality of sense lines to the plurality of power supplies to 
provide feedback to control the plurality of power supplies, and coupling a plurality of resistors 
with each resistor being disposed between a respective sense line of the plurality of sense lines 
and the voltage bus, wherein the plurality of resistors maintain the sense lines at a sufficiently 
low voltage when a low load is applied to the voltage bus to prevent the plurality of blocking 
diodes from being reversed biased. 

[0006] In another embodiment, the present invention is directed to a power distribution 
system for electronic equipment, comprising a bus for supplying current to the electronic 
equipment, a plurality of brick converters coupled in parallel to the bus with a respective 
blocking diode between each brick converter and the bus, a plurality of sense lines providing 
feedback to respective brick converters, and a plurality of resistive elements that are each 
coupled to the bus and to a respective sense line of the plurality of sense lines, wherein the 
plurality of resistive elements cause sufficient feedback to be provided to the brick converters, 
under low load conditions, to prevent output voltages of the plurality of brick converters from 
falling below a voltage of the bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIGURE 1 depicts a system for providing power to electronic equipment. 
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[0008] FIGURE 2 depicts a power distribution topology according to one representative 
embodiment. 

DETAILED DESCRIPTION 

[0009] Referring now to the drawings, FIGURE 1 depicts system 100 for providing 
power to electronic equipment. System 100 includes a plurality of brick converters 101 or other 
suitable power sources that are coupled in parallel to common node voltage bus 105. Brick 
converters 101 maintain voltage bus 105 at a relatively fixed voltage when load 106 draws 
power. Although only two brick converters 101 are shown in FIGURE 1 , any number could be 
coupled in parallel. Respective blocking diodes 104 are disposed between each brick converter 
101 and voltage bus 105. If one of brick converters 101 malfunctions, the corresponding 
blocking diode 104 prevents the failing brick converter 101 from pulling down the voltage on 
voltage bus 105. Protective resistors 108 are used to prevent transients from damaging the 
electronics associated with load 106. 

[0010] Voltage sense lines 107 are used to provide feedback to brick converters 101. 
Specifically, the voltage (V s ) of voltage bus 105 is provided to one input of error amplifier 103. 
A reference voltage (Vr EF ) is provided to the other input of error amplifier 103 such as a 
differential amplifier. The reference voltage defines the voltage at which voltage bus 105 should 
be maintained, i.e., the voltage rail for the supported electronic equipment. Error amplifier 103 
generates an error signal that is indicative of the difference between the voltage on voltage bus 
105 and the reference voltage. The error signal is provided to controller 102. During ordinary 
operations, when the voltage is low, controller 102 increases its duty cycle to provide additional 
power thereby increasing the voltage on voltage bus 105. Likewise, when the voltage is high, 
controller 102 reduces the duty cycle thereby reducing the voltage on voltage bus 105. 

[0011] During ordinary operations (i.e., typical loads), each brick converter 101 
provides current to voltage bus 105. Also, the output voltage (Vout) of each brick converter 101 
is higher than the voltage on voltage bus 105. However, at appreciably lighter loads 
(approaching zero amps), almost all of the current is provided by only one brick converter 101. 
The output voltage of the brick converter 101 supplying the current remains higher than the 
voltage of voltage bus 105. The output voltage of other brick converters 101 are allowed to drop 
due to the feedback from sense lines 107. Specifically, the other brick converters 101 reduce 
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their duty cycle due to the feedback. Blocking diodes 104 of the other brick converters become 
reversed biased. The condition causes the other brick converters 101 to be flagged as faulty due 
to the low output voltage, even though no physical malfunction has occurred. 

[0012] The removal of blocking diodes 104 would cause the erroneous fault indication 
to be addressed. However, the removal of blocking diodes 104 is not appropriate for redundant 
power supply applications. Redundant power supply applications are applications where more 
brick converters 101 are included within the system than needed for expected power supply 
requirements. The redundancy of the design ensures that sufficient power can be supplied even 
if one or several brick converters 101 fail. However, if blocking diodes 104 are removed from a 
redundant design, a single failing brick converter 101 would pull down the voltage on voltage 
bus 105 thereby defeating the purpose of the redundant design. 

[0013] FIGURE 2 depicts power distribution topology 200 according to one 
representative embodiment. In power distribution topology 200, voltage bus 105 distributes 
power to load 106. A plurality of brick converters 101 or other suitable power supply units 
provide current to voltage bus 105 to maintain voltage 105 at a desired voltage. Blocking diodes 
104 are disposed between brick converters 101 and voltage bus 105 to prevent a failing brick 
converter 101 from pulling down the voltage on voltage bus 105. 

[0014] Sense line 107 provides feedback to brick converter 101. Specifically, the 
voltage (Vg) on sense line 107 is provided to error amplifier 103. A reference voltage (V RE f) is 
provided to the other input of error amplifier 103. Error amplifier 103 generates an error signal 
that is indicative of the difference between the two voltages. In response to the error signal, 
controller 102 alters the duty cycle of brick converter 101. 

[0015] Resistor 201 is disposed between voltage bus 105 and error amplifier 105. 
Resistor 201 may possess a relatively small amount of resistance as compared to protective 
resistor 108 (e.g., one order of magnitude less). Resistor 201 enables the voltage on voltage 
sense line 107 to be slightly different than the voltage on voltage bus 105. The difference is not 
sufficiently great to appreciably affect the operation of brick converters 101 in response to 
feedback at ordinary loads. Specifically, at ordinary loads, when the voltage at voltage bus 105 
is lower than the reference voltage, controllers 102 increase the duty cycle to increase the voltage 
on voltage bus 105. Likewise, at ordinary loads, when the voltage at voltage bus 105 is greater 
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than the reference voltage, controllers 102 decrease their duty cycle to decrease the voltage on 
voltage bus 105. 

[0016] However, at appreciably lower loads (when the aggregate current approaches 
zero amps), almost all of the current is supplied by a single brick converter 101 . Because of the 
presence of resistors 201, the voltage (Vg) of sense line 107 for the other brick converters 101 
drops. The effect on sense line 107 and response of controller 102 enables the output voltage of 
the other brick converters 101 to be maintained at levels that avoid an indication of a faulty 
voltage level and prevent reverse-biasing of block diodes 104. 
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